Introduction
Alterations of fetal heart rate (FHR) and/or heart rate variability (FHRV) have been regarded as common signs of asphyxia, first discussed by HON and LEE [10] , who noticed decreased FHRV in dying fetuses. The correlation between decreased FHRV and fetal acidosis has thereafter been established in several clinical studies [21] . The pattern of increased variability was described by HAMMACHER etal. [9] , who suggested that "saltatory pattern" could be an initial sign of stress. When the first experimental results on FHRV under induced hypoxia were presented by D ALTON et al. [3] , an increased variability during the early phases of hypoxia was observed. The results were corroborated by STANGE et al. [27] . Both groups also noticed, in single animals, that decreasing FHRV again were seen in connection with severe hypoxemia. Waveform changes in the ST segment of the fetal electrocardiogram (FECG) constitute another sensitive parameter of hypoxic stress, where the dominant reaction is a progressive increase in the T wave amplitude, and where the changes can be quantified as the T/QRS ratio [7] . In the fetal lamb the FECG alterations have been correlated to the depletion of myocardial glycogen stores, thus reflecting anaerobic myocardial glycolysis. Similar FECG changes with high T waves can be elicited by isoprenaline, indicating that the changes could be mediated by a stimulation of the beta-adrenoceptors in the fetal heart. Even though several studies have confirmed that changes in FHRV and FECG are signs of asphyxia, the etiologic mechanisms behind the changes in FHRV are not fully understood. The aim of the present study was to explore whether the initial increase in FHRV seen during hypoxemia was mediated via the beta-adrenoceptors, initiated by catecholamine release. We also wanted to compare the pattern of reaction of FHRV and of FECG in response to periods of induced hypoxia.
Material and methods
The experiments were conducted on 22 ewes of mixed breed with 26 fetuses. Their gestational age ranged from 117 to 147 days (term 145-150 days). The gestation was estimated from fetal weight and crown-rump length using standard curves [16] .
Preparation
Food was restricted 24 hours prior to the experiment, water provided ad libitum. The anesthesia was induced with pentothal (5 mg/kg) and was maintained with chloralose (35 mg/kg). To avoid hypoglycemia,, a slow, continuous intravenous infusion of 10% glucose solution (50-100ml/hr) was given to the ewe throughout the whole experiment. The ewes were tracheotomized and ventilated with known gas mixtures, using an open circuit ventilator. Maternal blood pressure was recorded and blood samples were obtained via a catheter placed in the medial plantar artery of one foreleg. The uterus was explored through a paramedian abdominal incision and stitched to the abdominal wall. The uterus was opened and the fetus delivered onto a heated small table. Care was taken not to disturb the umbilical circulation. The fetal trachea was cannulated immediately after delivery and the free end of the cannula was placed under saline solution to enable free flow of lung liquid. Fetal arterial blood pressure and heart rate were recorded by a Statham P23AC pressure transducer connected to a catheter in the right brachial artery. Arterial blood samples were taken from the same catheter. Blood gas tensions and pH were immediately measured on a Radiometer pHM27 using standard P^ and P aco electrodes. Hemoglobin concentration and oxygen saturation were measured spectrophotometrically with a Radiometer OSM2. The oxygen content (ml O 2 /l) was calculated from the saturation value and the hemoglobin concentration assuming that l g Hb maximally binds 1.34 ml O 2 . The fetal ECG was recorded as a precordial lead with lead electrodes with a diameter of 0.8 cm, placed subcutaneously on both right legs and on the left part of the chest between the apex and the left part of the sternum. The ECG signals were recorded on a Grass polygraph 7 recorder and on a FM tape recorder (TEAC R-70A) with a bandwidth of 0-625 Hz. The ratio between the amplitude of the T wave and the QRS complex (T/QRS ratio) was used as a quantitative measure of the ST waveform changes. At each moment of fetal blood sampling, real time was noted on the ECG record and on the tape. Care was taken that the ECG signal was recorded at least two minutes prior to and two minutes after the sampling event.
The ewes were exposed to alternate periods of normoxemia and hypoxemia. The hypoxemia was induced while ventilating the ewe with gas mixtures containing 10-16% O 2 in N 2 . The periods of hypoxemia lasted for 10-40 minutes. To study the influence of beta-adrenoceptorŝ timulation on FHRV and ST waveform changes, in 5 fetuses the left jugular vein was cannulated and 0.044, 0.076, 0.143, 0.22 and 0.78Mg/min of isoprenaline was infused during normoxia. The dose-response effect on FHR, DI, II and T/QRS ratio was analyzed.
Estimation of FHR variability
As a measure of short-term and long-term variability the differential index (DI) and interval index (II) was used respectively [30] , Eighty seconds of the recorded ECG coinciding in time with each fetal blood sample were analyzed using a PDF 11/40 minicomputer. The ECG signal was sampled at a rate of 1250 samples per second giving a resolution in time of 0.8msec. Each QRS complex was detected with a semi-automatic program using a cross-correlation algorithm. QRS complexes that by the program were signalled to be doubtful were visually examined and either rejected or approved. Hence, the resulting list of R-R intervals was practically free from artefacts. From this list of R-R intervals the DI and II were computed according to YEH et al. [30] : 
Results
The analysis of FHRV is based on 163 epochs of ECG recordings with a sampling period of 80 seconds. The same epochs were used when calculating the corresponding T/QRS ratio.
Hypoxemia
The effect of subjecting twelve nonacidemic fetuses (pH> 7.20) to hypoxia for 5 to 15 minutes is visualized in Fig. 1 . During this period a fall in mean oxygen content from 100 to 41 ml/I was seen. During the initial phase of hypoxemia an increase was measured both in DI from 3.1 ± 2.5 to 17.7 ± 13.8 and II from 1.08 ± 0.65 to 3.77 ± 2.06 (mean ± S.D.). Fig. 2 demonstrates the changes in DI and T/QRS ratio parameters recorded during hypoxemia in five nonacidemic fetuses. The FHRV response was found to be variable with an initial increase followed by a return towards prehypoxemic values. During the initial phase P^ decreased from 2.63 ± 0.48 to 1.52 ± 0.23 (kPa) a'nd DI increased from 2.3 ± 1.6 to 31.2 ± 9.0 (mean ± SD). The later phase of the hypoxemic period (P^ 1.22 ± 0.40) was characterized by a decrease in DI 2 to 19.4 ±20.7. The change in T/QRS ratio had a slower onset and was first prominent at prolonged hypoxemia with a rise from 0.23 ± 0.18 to 0.84 ± 0.43 at the end of hypoxemia. No appearent changes occurred in FHR,P aC o 2 orpH. Both in Fig. 1 and 2 a wide variation in variability indices is obvious. This is further substantiated in Fig. 3 . This figure displays the relation between FHRV expressed as DI and hypoxemia expressed as oxygen content at three different levels of pH, signifying no, moderate and severe acidosis. During situations with oxygen content above 50 ml/I there is, with one exception, a low DI, independent of any degree of acidosis. However, during hypoxemia (oxygen content < 50 ml/1) most nonacidemic observations showed increased DL With the combination of hypoxemia and acidosis, on the other hand, the observed ΌΙ was again low. A regression analysis including all variables obtained during 99 epochs from 24 fetuses during normoxemia and hypoxemia is given in Tab. I. The matrix confirms the findings visualized in Figs. 1,2 and 3. There is a highly significant relation between Pâ nd the variability indices (Dl and II), n = 93? T = -5.34 and T = -4.32 respectively. This fact,' however, is not obvious in Fig. 3 where a wide variation o.f Dl during low oxygen content is seen, with preferably low differential indices during addenda. The regression analysis confirmed this observation, as no relation was found between Dl and pH (n = 93, T = -1.85). The long-term variability (II) reacted in a similar way as Dl during hypoxemia and acidosis but generally had a weaker correlation than Dl to the different tested variables. There was a strong relation between Dl and II (n = 93, T =15.66). To elucidate whether the change in oxygen content per se influenced on Dl, Δ oxygen content/min was correlated to ADI/min using .consequtive observations. A strong correlation was found (r = 0.81). Furthermore, as also seen in Tab. I, a significant relation existed between T/QRS and P aO2 , (n = 99, Τ = -3.17), and between T/QRS and pH (n = 99, Τ = -2.67). 
Beta-adrenoceptor stimulation
To elucidate whether the changes in DI, II, FHR and T/QRS ratio during hypoxemic stress were neuro-humoral responses, mediated via the betaadrenoceptors of the autonomic nervous system, six normoxemic, nonacidemic fetuses were given increasing doses of isoprenaline ( were seen. Mean FHR increased from 205 to 288 (p < 0.02). No changes whatsoever occurred in the corresponding DI or II due to the beta-stimulating agent. Considering the fetal ECG waveform, increasing doses of isoprenaline resulted in increasing T waves. The given doses did not result in the same degree of changes as were seen during hypoxemia and acidosis. However, when the maximum dose of isoprenaline was given (0.78 Mg/min), a significant rise in the mean T/QRS ratio from initial 0.27 to 0.51 was seen (p < 0.05).
Discussion
This study was performed on the anesthetized, exteriorized fetal lamb. This might limit the applicability of the results but it does not invalidate the main results for several reasons. First, we wanted to persue our previous findings of an increase of FHRV during fetal hypoxemia obtained on the same type of preparation [27] . Second, we avoided anesthetics known to influence seriously the autonomic control of the circulatory apparatus and selected, after induction with a short acting barbiturate in a single dose, to use chloralose, claimed to have little influence on respiratory and cardiovascular reflexes [8] . Third, our fetal lamb preparation reacted closely similar to the nonanesthetized chronic fetal sheep preparation with regard to basal blood gas values [15] and to the beat-to-beat variability both during normoxemia and hypoxemia [4] .
Heart rate variability changes are considered to reflect the balance between the sympathetic and the parasympathetic centers that control the heart rate. Here the interest was focused on the sympathetic influence as we wanted to compare the FHRV changes to ECG changes known to be elicited by beta-adrenoceptor stimulation. In this study no rejection algorithm has been needed as we have visually examined all doubtful QRS complexes. We have thus been able to recognize and to include the true R-R intervals deviating excessively from the mean R-R interval length. This procedure explains why we have epochs with more variability than reported by others who have been using automatic rejection algorithm, e.g. KARINIEMI etal. [17] . The strong correlation between DI and II found by us as well as others [17] , does not contradict the fact that DI and II reflect different phenomena. The DI is known to be sensitive to e.g. hypoxemia, while II merely reflects the fetal arousal level. The correlation is rather a result of the short epoch length. This makes it impossible to consider biological rhythms with periods longer than the sampling epochs. As an effect of the anesthesia, both the influence from the fetal arousal level and the fetal breathing movements was partly depressed. To facilitate the presentation of II a factor 100 is used. This has not been described by neither YEH nor KARINIEMI. However, our II values are in the same order as theirs.
The length of the time period during which FHRV is analysed and the method used influences the result [4] . After studies on a simulated signal DETWILER etal. [6] suggested that an epoch length of at least five minutes was necessary to obtain good estimates of short-term variability indices. However, KARINIEMI et al. found a good correlation between one-minute and five-minute epochs for estimation of DI [18] . Long epochs are advantageous only if the indices can be assumed to be stationary throughout the epoch. A controversial question in fetal monitoring is, to what extent the FHRV is an indicator of fetal asphyxia, and to what degree different physiological factors may influence on the variability [4] . The predominant opinion has earlier been that decreased variability is f a sign of threatening asphyxia [9, 10] .
In this study we confirmed earlier results from this laboratory [27] showing a prompt increase in DI and II from initially low values when a nonacidemic fetus was submitted to hypoxemia (Fig. 1, Tab. I) . Similar results were obtained by several groups both from the chronically instrumented lamb fetus and from primates [4, 14, 25] . Our finding of a close correlation between the change of oxygen content and the change of DI further substantiates the quantitative relation between hypoxemia and FHRV. Clinical studies have also indicated increasing variability during the early stages of hypoxia, both assessed from cardiotochographic recordings [9, 21] and from the combination of fetal ECG recordings and tcP o measurements [11, 29] .
There is strong evidence that hypoxemia and asphyxia induce an increase in the concentration of catecholamines in fetal blood [2, 23] . Earlier studies from our laboratory have revealed similar changes in the FECG waveform during hypoxemia and during beta-adrenoceptor stimulation [12] . We therefore suggested that both the FECG changes and the increase of FHRV during hypoxemia were mediated via beta-adrenoceptors. In the present study, though, no changes in variability indices were seen after beta-stimulation. This could be a counteraction of the -positive chronotrope effect on the fetal heart. However, during initial hypoxemia, an increase in DI but no increase in FHR were seen, which therefore makes it less plausible that the FHRV increase during hypoxemia is mediated via beta-adrenoceptors. PARDI etal. [24] and DALTON etal. [4] both found increased variability after alpha-and alpha + beta adrenoceptor stimulation, respectively. The conclusion therefore might be that these changes in DI during initial nonacidemic hypoxemia mainly are mediated via alpha-and not via betareceptor stimulation.
During prolonged hypoxemia, when additional acidosis appeared, we found a moderation of the FHRV with decreasing DI (Fig. 3) . These findings are in accordance with clinical data [19] . It was suggested that loss of beat to beat variation occurs when hypoxemia is combined with acidosis into an asphyxia. We only found a weak positive relation between hypercapnia and DI and to II no relation at all. DALTON did not observe any significant connection between FHRV and P C Q 2 whereas IKENOUE [14] did. As both DALTON's and iKENOUE's groups found increased fetal breathing movements (FBM) during hypercapnia and MURATA [22] found an increase in FBM after beta-and a decrease after alpha-stimulation, these data together with our results would suggest that the fetal response to respiratory acidosis is decreasing variability mediated via the beta-adrenoceptor cells. During hypoxia FHR often rises (Tab. I). Controversy exist in the literature concerning the impact of FHR on changes in FHRV [5, 28] . This might be due to differences in statistical methods. In the present study using statistical indices of YEH [30] no correlation between FHR and DI (Tab. I) was found.
Clinically several studies have been performed on beta-stimulant drugs during preterm labour without evidence of any influence on heart rate variability of the healthy fetus [1] . Finally, earlier studies from our group have revealed ST waveform changes with increasing T wave amplitude related to anaerobic glycogenolysis in the myocardium, an effect of betaadrenoceptor stimulation [12, 13] , a pattern otherwise seen during fetal asphyxia [7] . A strong correlation between T wave amplitude and circulating adrenaline has also been found [26] . Although there was a strong relation between decreasing P a02 and increasing T/QRS ratio (Tab. I), it is obvious that FHRV, if not influenced by other factors, is an early and sensitive detector of fetal hypoxemia, whereas significant changes in FECG appears later in the hypoxemic period and also correlate to metabolic changes. This could make it usable in the field of fetal monitoring [20] .
Summary
Hypoxie changes in the ST waveform of the fetal electrocardiogram (FECG), with elevated T waves as the main response, have earlier been described in the fetal lamb as mediated via the beta-adrenoceptor cells, initiated by catecholamine release. A similar background to the increase in fetal heart rate variability (FHRV) during hypoxemia has been suggested. The aim of the present study was to elucidate this question and also to compare FHRV and changes in the ST waveform of the FECG as indicators of fetal distress. Twenty-six acutely exteriorized mature lamb fetuses were submitted to periods of graded hypoxemia. Fetal blood gases were measured and oxygen content was calculated. The FHRV was analyzed by a computer program and calculated as the differential index (DI) and the interval index (II). Eighty seconds of the recorded ECG coinciding in time with each fetal blood sample were analyzed using a PDF 11/40 minicomputer. The ECG signal was sampled at a rate of 1250 samples per second giving a resolution in time of 0.8 msec. Each QRS complex was detected with a semi-automatic program using a cross-correlation algorithm. QRS complexes that by the program were .signalled to be doubtful were visually examined and either rejected or approved. Hence, the resulting list of R-R intervals was practically free from artefacts. From this list of R-R intervals the DI and II were computed according to YEH etal. [30] . Hypoxemia resulted in initially strongly increased DI from 3.1 ± 2.5 to 17.7 ± 13.8 (p < 0.001) and in II from 1.88 ±0.65 to 3.77 ± 2.06 (p < 0,001) (Fig. 1) . Obviously the change in oxygen content per se was strongly associated with the variability indices, as we found a strong correlation between Δ oxygen content/min and ADI/min (r = 0.81). In five fetuses the effect of prolonged hypoxemia on DI was studied (Fig. 2) . After the initial rise from 1.6 ± 1.1 to 31.2 ±9.0 (p < 0.02) DI decreased to 19.4 ± 20.7. A regression analysis showed a strong connection between DI and Pao 2 > (n = 93, Τ = -5.34), whether there was no relation between DI andpH(T= -1.85). There is strong evidence that hypoxemia and asphyxia induce an increase in the concentration of catecholamines in fetal blood [2, 23] . Earlier studies from our laboratory have revealed similar changes in the FECG waveform during hypoxemia and during beta-adrenoceptor stimulation [12] . We therefore suggested that both the FECG changes and the increase of FHRV during hypoxemia were mediated via beta-adrenoceptor s. However, during isoprenaline infusion no change in DI or II was seen whereas there was a significant rise in T/QRS ratio from 0.30 to 0.51 (p < 0.05, Fig. 4 ). The length of the time period during which FHRV is analysed influences the result [4] . An epoch length of at least five minutes has been suggested to obtain good estimates of short-term variability indices [6] . However, long epochs are advantageous only of the indices can be assumed to be stationary throughout the epoch. As we have visually examined all doubtful QRS complexes no rejection algorithm has been needed. We have thus been able to recognize and to include the true R-R intervals deviating excessively from the mean R-R interval length. This procedure explains why we have epochs with more variability than reported by others who have been using automatic rejection algorithm, e.g. KARINIEMI et al. [17] . We found a close relation between short-and long-term variability (DI, II). This might be due to the short sampling epochs which makes it impossible to consider biological rhythms with periods longer than the sampling epochs. Also the arousal level was partly suppressed by the anesthesia. However, this close relation was also found by others [17] . The ST waveform changes during hypoxemia had a slower onset than the FHRV changes but were progressive during prolonged hypoxemia, with an increase from the prehypoxemic value 0.23 ±0.18 to 0.84 ± 0.43 (p < 0.02) at the end of the hypoxemic period (Fig. 2) . A significant relation was found between T/QRS and Pao 2 > (n = 99, T=-3.17), and>'also between T/QRS and pH (T = -2.67) (Tab. I). Considering the given facts, the increase in DI during hypoxemia appears not to be meadiated via the betaadrenoceptors, especially as it is not accompanied by a positive chronotropic effect on the fetal heart. It is suggested that the increased FHRV instead could be an effect of alpha-receptor stimulation. Estimation of FHRV appears, if not influenced by other factors, to enable an early and sensitive detection of fetal hypoxemia, whereas the method is difficult to interpret during acidosis. Significant changes in the FECG is seen during prolonged hypoxemia and also correlate to metabolic disturbances.
Keywords: Adrenergic adrenoceptor agonists, catecholamines, fetal anoxia, fetal electrocardiogram, fetal heart, fetal heart rate, fetal heart rate variability. [30] . Eine Hypoxämie löste zu Beginn einen starken Anstieg des DI von 3,1 ± 2,5 auf 17,7 ± 13,8 (p < 0,001) und des II von l,88 ±0,65 auf 3,77 ± 2,06 (p < 0,001) aus (Fig. 1) . Es war ganz offensichtlich, daß Veränderungen des O2-Gehaits assoziiert sind mit Veränderungen der Variabilitätsindices; AO 2 -Gehalt/min und Dl/min waren streng miteinander korreliert (r = 0,81). Bei 5 Feten wurde der Einfluß einer länger anhaltenden Hypoxämie auf den DI untersucht (Fig. 2) . Nach dem initialen Anstieg von 1,6 ± 1,1 auf 31,2 ± 9,0 (p < 0,02) sank der DI auf 19,4 ± 20,7. Mit der Regressionsanalyse ließ sich eine strenge Beziehung zwischen dem DI und dem P a o 2 nac hweisen (n = 93, T = -5,34), jedoch bestand kein Zusammenhang zwischen dem DI und dem pH (T = -1,85). Ohne Zweifel löst eine Hypoxie und Asphyxie einen Anstieg der Katecholamine im fetalen Blut aus [2, 23] . Bei früheren Experimenten in unserem Labor konnten wir zeigen, daß unter Hypoxämie und unter Stimulation ß-adrenerger Rezeptoren ähnliche FECG-Muster entstehen [12] . Daraus haben wir geschlossen, daß sowohl FECGVeränderungen wie auch der Anstieg der FHRV während einer Hypoxie über die Stimulation der 0-adrenergen Rezeptoren ausgelöst wird. Auf der anderen Seite konnte unter Isoprenälininfusion keine Veränderung des DI oder II beobachtet werden, während das T/QRS-Verhältnis von 0,30 auf 0,51 anstieg; (p < 0,05, Fig. 4 ). Bei der Analyse der FHRV beeinflußt die Auswertungsdauer das Ergebnis [4] . Um die Kurzzeitvariabilität richtig einschätzen zu können, wird eine Beobachtungsperiode von mindestens 5 Minuten gefordert [6] . Darüber hinaus muß man von der Annahme ausgehen, daß sich die Indizes auch außerhalb der Beobachtungsphasen stationär verhalten. Da alle zweifelhaften QRS-Komplexe visuell über-prüft wurden, war eine Validitätsberechnung nicht notwendig. Auf diese Weise konnten wir auch R-R-Intervalle erkennen und berücksichtigen, die exzessiv von der durchschnittlichen R-R-Intervallänge abwichen. Dieses Vorgehen erklärt, warum wir Perioden mit größerer Variabilität berücksichtigen konnten als Untersucher, die eine automatische Überprüfung der Validität einsetzten wie KARINIEMI et al. [17] . [30] . L'hypoxemie entraine une forte augmentation initiale de ITD, der 3,1 ± 2,5 a 17,7 ± 13,8 (p < 0,001) et de de 1,88 ± 0,65 ä 3,77 ± 2,06 (p < 0,001) (Fig. 1 ). Les modifications de la teneur en oxygene en soi sont manifestement associees fortement avec les indices d'instabilite; c'est ainsi que nous avons trouve une correlation forte entre le teneur en exygene/min et le AID/min (r = 0,81). On a etudie chez cinq foetus l'effet d'une hypoxemie prolongee sur (Fig. 2) . Apres l'elevation initiale de 1,6 ± 1,1 ä 31,2 ± 9,0 (p < 0,02), s'abaisse ä 19,4 ± 2,7. Une analyse par regression montre une liaison forte entre et la P a o 2 (n = 93, T = -5,34), bien qu'il n'y ait pas de relation entre et lepH (T=-1,85) .
II cxiste des preuves solides du fait que l'hypoxemie et l'asphyxie provoquent une augmentation de la concentration sanguine foetale en catecholamines [2, 23] . Des otudes anterieures dans notre laboratoire ont rcvele des modifications similaires de l'ECGF au cours d'hypoxemie et de stimulation beta-adrenergique [11] , Ccpendant, on n'a pas observe de modification de ni de lors de perfusions d'isoprenaline, alors qu'augmente de faqon significative le rapport T/QRS de 0,30 ä 0,51 (p < 0,05) (Fig. 4) . La longueur de l'echantillon pendant laquelle on analyse riRCF influence ies resultats [4J. On a suggere qu'un echantillon d'au moins 5 minutes est necessaire pour obtenir une bonne estimation des indices d'instabilite ä court terme [6l. Neanmoins, des echantillons longs ne sont avantageux que si est assure que les indices seront stationnaires pendant toute la duree de la periode. Comme nous avons examine visuellement tous les complexes QRS douteux, il n'a pas ete besoin d'algorithme de rejet. Nous avons ainsi ete capable de reconnaitre et d'inclure les intervalles R-R vrais s'ecartant excessivement de la longueur moyenne des intervalles R-R. Cette procedure explique pourquoi nous avons des periodes avec une instabilite plus grande que celle rapportee par d'autres qui ont utilise un algorithme de rejet automatique, par ex. KARINIEMI et coll. [171. Nous avons trouve une relation etroite entre l'instabilite ä court e a long terme (ID, II). Cela pourrait etre secondaire au fait que les periodes courtes d'echantillonage rendent impossible de considerer les rythmes biologiques ä periodicite plus longue que les echantillons. Egalement les taux d'eveils ont ete en partie supprimes par l'anesthesie. Cependant, cette relation etroite a egalement etc trouvee par d'autres (17) . Les modifications du segment ST en cours d*hypoxemie ont un debut plus lent que les modifications de l'IRCF mais sont progressives pendant une hypoxemie prolongee, avec une augmentation depuis les valeurs prehypoxemiques de 0,23 ±0,18 ä 0,84 ± 0,43 (p < 0,02) a la fin de la periode hypoxemique (Fig. 2) . On a trouve une relation significative entre le rapport T/QRS et la PaQ 2 ' (n = 99, T=-3,17) et Qgalement entre T/QRS et le pH (T =-2,67) (Tab. I). Si considere les faits exposes, l'augmentation de en cours d'hypoxemie n'apparait pas etre mediatee par rintermediaire des recepteurs beta, tout particulierement car eile ne s'accompagne pas d'un effet chronotrope positif sur le coeur foetal. A verse, il est suggere que 
